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rOTO HAHDUM, REP ORT: 
IITVSSTIGATION OF TviETHODS OF REDUCING THE TEMPERATURE 
VARIATION i.MONG CYLIIiDERS ON AI]?-COOLP]D 
AIRCRAFT EITGIiES 
3y George F. K.in£horn and vVillian A. Mueller 

SUMMARY 

Tests have been made to deternine methods for reducin 
the temperatures of the hot cylinders on air-cooled air- 
craft engines. A Pratt W^nitney R-l850-l'3, llj.-cylinder 
en;2ine was used for the tests. 

Reductions of JO^ F to 55^ F in the cylinder -head 
and barrel tenperatui^es v/ere obtained by the use of ducts 
directing cooling: aii^ upon the rear of the cylinders. 
Increasing the cylinder fin area by welding additional 
lengths of metal to the exist in£; fins resulted in temper- 
ature reductions of about 26^ F. Baffle modifications 
which included enlarging the inlet gaps, extending the 
baffles farther to the rear of the cylinder, adding a 
dlffuser at tlie baffle outlet, and providing separate 
ducts to the hot parts of the c^^lindei;, resulted in head-- 
temperature reductions of as much as SO^ F. In addition, 
large reductions in the temperatvros of individual 
cylinders v^ere obtained by injecting additional fuel 
ahead of the cylinder intake ports. 



It appears that the pressure drop required to cool many 
air-cooled dnrXnes nay be cons iderabl;/ reduced by decreasing 
the temperatures of the individual hot cyliiiders through the 
use of methods similar to those tested. 

IKT.RODUCTION 

The head and barrel temperatures of radial aircraft 
engines vary considerably from cylinder to cylinder. Fre- 
quently a few cylinders have tempei^atures as much as 60^ F 
above the average and ai'e referred to as tlie ^^hot^^ cylinders 
of the engine. These temperature differences aggravate the 
cooling problem because, if the hot cylinders are to be 
cooled satisfactorily, the other cylinders must be over- 
cooled. In some cases the pressure drop required to cool 
the engine may bo deci^eased as much as J4.O percent by reducing 
the temperatures of the hot cylinders to the average cylinder 
temperature. 

Tests have been made to determine the effectiveness of 
several methods for reducing the temperatures of the hot 
cylinders on air-cooled aircraft engines. This investigation 
Includes: (1) directing cooling air upon fche rear of the 
cylinders, (2) increasing the fuel-air ratio F/A of 
separate cylinders by injecting additional fuel just ahead of 
the intake ports, (5) increasing the cooling area of the 



cylinders by attaching additional lengths of i;ietal to the 
exist in^;; fins^ and (IJ Kicdifyfng the cylinder baifles. 
The tests wsi-e conducted with a P;'^att Whitney?- R^lSjO-liJ 
engine installed in a wln^ nacello. 

^ APPARATUS iiND TESTS 

The P. c:: Vv . iNl830-'l|5 engine Is a l[j.~cyllnder , two- 
ro\'', air-cooled aircrart enr3ine with a normal rating of 
1100 ho?'Sopov!er and a nilitary rating ()r 1200 horrjepowor. 
The engj-ne was equipped v/lth a Stroinberg FD-'12F'2-l!i. 
injection-type carburetor. 1'he jiacelle was mounted on 
supp^orts as shovm in figure 1, A proncller^-speed 
fan and ]arge-chord cowl flaps were used to supply cooling 
air for the engine. 

In addition to rnoasureraents of the temperature of each 
rear-spark-j^ilug gasket and cylinder flange measurements 
were made of the temperature at l6 other points over the 
head and barrel of one of the rear cylinders. P'uel-air 
ratios lor individual cylindei^s woi?e deteiTiinod from 
exhaust-gas analyses. The average engine fuel-aii* ratio 
was checked v;ith measurements of engine air and fuel con- 
siomption. 

Tests v/ere made v/itli small ducts directing cooling 
air upon the rear of cylinders 15 and ll^., v/}iich were 
chosen because of their accessibility. The inlet of the 



duct for cylinder Vvas located in the intercooler cooling- 
air duct v/itli a scoop to utilize tho available total presrjure 
and the inlet oi; tne duct i'or cylinder I4 \^b3 located between 
the cylinder rocker boxes, as shown in figure 2. The duct 
outlets were 1 inch from the cylinders r^nci directed approzi- 
mately the same amount of cooling air on the rear of the 
barrels and the heads. Thie duct outlebs vvere 1 inch wide 
and were located approximately in the center of the baffle 
outlets. The baffle outlets on the P. k \J . R-lSjO-liJ engine 
vary from to 5 inches in width: the outlets on the rear 
cylinders are somevrtiat wi.der tiian on the front cylinders. 
Total- and static-pressure tubes wore used to measure the air 
flow throu^^h the ducts. In order to insure that the spark- 
plug-gasket and cylinder-flange thermocouples v/ould give 
reliable indications of the temperature reductions at points 
on the cylinder riot being directly cooled h-y this air, the 
areas 3-mmediately around the thennocouples v>fere shielded from 
the cooling air by small tabs extending from, the auct outlets 
to the cylinder walls (fig. 2). 

Tests were m,ade v/itli separate enricbjnent of the mixture 
to cylinders 1 and 10. The additional fuel was fed in a 
continuous spray through the primer fittings, which are 
located just ahend of . the cylinder intake ports. The amount 
was laanually adjusted with a needle valve. A sm_all rotameter 
v/as used to measure the amount of fuel injected. 



Three metliods v/ere used to att/nch additional cooling 
area to the cylinde.r-'S : vrcldine^, clipping, and bolting. 
Extensions v/ero v/elded to the existing fins oii.the top of 
the cylinder head (f-1gs. J to 6). Ti:e total added cooling 
area amounted to approxinately $82 square inches. The 
top baffle u.3od v/i th these extensions is shovm in fl^^ure 6. 
Pin extensions v/ero also clipped to the existing fins on 
the top of the cylinder head as shovm in figures 7 to 9, 
The added cooling area in this case was about the Scame as 
v/ith the v;elded extensions. The ends of the clipped 
extensions were riveted to a plate that served as the head 
baffle. The ends of the fins v;ere scraped to obtain a 
smooth surface and uniform thickness befoi^e tb.e exti;nsions 
were installed. Tests vicre made vi^:th t-e joint nlain 
and with the connecting parts coated witii a mixture of 
aluminma powder and blaclc lacqucir in an attempt to improve 
the thermal bond. Tests were also made of copper fin 
extensions wedged ano bolted to the rear of the cylinder 
head as shown in figures ^ and 10. The added fin area was 
about 26G square inches. For this test the cylinder 
baffles extended farther to the rear of the cylinder, as 
showri in figui-^cs 6 and 10. 

Tests were m.ade of the following types of baffle 
modification : 



(1) Enlargement of the baffle inlets and extension of 
the baffles farther around to the rf.?ar of the cylinders 

(2) Addition of diff users at uhe baffl3 outlets to 
re::over part of the kinetic energy of the cooling air and to 
increase the cooling-air flow 

(5) Provision of d'.'cts incorporated in the baffles to 
carry unhoated air to the hot best paints of the head (fig. 11 
shows one such baffle tested) 

In addition, completely revised baffles conbining tliese 
three rriodi-f ications were installed on the rear c^rlincier of 
the P. & Vv\ R'-l850--ij.5 engine. These baffles are compared 
with the original baffles in f Lr;ures 12 to llj.. Additional 
views of the revised baffles are shown in figure I5 . 

L'iost of the changes vjere tested on only one or tv/o 
cylinders of the engine and we>/e e'^aluated by comparing engine 
temperature patterns obtained vath and without the changes. 
In order to reduce the er:-nr d ie to erratic variations in the 
temperature pattern, five to eight tests v/ere made of eacPi 
modification. These tests were made OMor a range of engine 
power from low-cruising to normal. 

RESULTS AITI' D1SCU3SI0IT 

The temperature data have been corrected for variations 
in atmospheric conditions an.d for small variations in en^-vine 
operating conditions in order that tl^e results obtained for 
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the various modifications may be com.pared directly vi/ith the 
results obtained for the cylinder or engine in its original 
condition. 

Goolin^^-air diict^. - The effect of the cooling-air 
ducts is shov/n in figures l6 to l8. The changes in the 
temperatures of the rear-sparlc-plug gasket and the cylinder 
flange are indicated in the figures by the swibol At, At 
97 percent normal power (fig, l6) v/ith both ducts in place, 
the air flov/ through the duct to cylinder 15 was 86 pounds 
per hour* This flow resulted in a reduction of F in 

the head temperature and of 2"^^^ V in tlie barrel temperature. 
The air flow through the ducts on cjrlmder ll| was 5U pounds 
per hour, and the head and barrel temperatures were reduced 
about 7^ ^^-^ 2^.F, respectively. 

The temperature reductions at 58 percent and ij.8 percent 
normal power (figs. I7 ^.nd 18) are somovi/hat less than at 
97 percent norm.al power. When the air flov/ through the 
duct to cylinder I5 v/as redu.ced to about three -fourths its 
original quantity by blocking off part of the inlet, the 
temperature reductions were between one^-half and tv/o-thirds 
their original values. The higher air flov/ through the 
duct to cylinder I5 is due to the total pressure built up in 
the intercooler cooling duct by the propeller operation. 
Because the pressure drop across the engine vvas small 
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(5 to I4. in. or Y/ater) during these tests, the flow throu^jh the 
duct on cylinder llj. v/as lov/. In flight, the pressure drop 
across the engine is considerably higher (8 bo 15 in. of v/ater) 
and a duct similar to the one used on cylinder lli might be 
considerably raore effective than indicated by these tests. 

The effect of the cooling ducts upon the3 teniporatures 
at the front of the cylinders v/avS not determined because re- 
ductions in these temperatures are considered less important 
than reductions in the temperatures at the rear of the 
cylinders. The temperatures at the front of the cylinders 
are more than 100^ F belov/ the temperatures at the rear of the 
cylinders and probably have comparatively little effect in 
inducing preignition and detonation or in increasing the rate 
of wear of the engine. 

Mi xture -enriching tests. - Inasmuch as the temperature 
of the combustion gases in an engine cylinder decreases as 
the mixture is enriched above a fuel-^air ratio of 0.07^ 
cylinder-head temperatures may readily be reduced by increas- 
ing the fuel-air ratio. As the specific f uel " consijunption 
increases rapidly v/ith increasing fuel-air ratio, hov/ever, 
enriching the mixture of the entire engine to improve 
cylinder cooling is generally undesirable except for short- 
period operation. A few cylinders may be cooled, in this 
manner with a relatively small increase in engine fuel con- 
sumption. 



The results of the injection of additional pasollne 
into the cylinder priB^er ftttiugs are shov/n in figures 
19 to 22, On the cylinders with the enriched mixtures, 
the head teriiperatures were reduced lL[^ F to P with 

little chan.ge in barrel temperatures. In each test, 
fuel-flow and oxhaust-gas measurements shov/ed that all 
the fuel injected d.j.d nob pass through the cylinder for 
which it was intended. Because of the pulsating and 
turbulenb flow in the intake pipes, some of the fuel was 
evidently carried back into the blower section. Exhaust-- 
gas analysis sliowed a sli-;ht general enriching of the mix- 
tures throughout the entire en,|jine and only from 50 to 
80 percent of the admitted fuel was accounted for in the 
exhaust of the cylinder for wnich the fuel was intended. 

In practice, if the fuel were Injected in h. continuous 
spray, as in the present tests, it would probably be 
advisable to compensate for the resulting general enrichment 
by decreasirc the am.ount of fuel delivered by the carbu- 
retor. If the carbui'etor were so adjusted, the head 
temperatures of three cylinders on a F. cc Y! . R-l850-i|5 
engine could be reduced an average of 20^ P at cruising 

powei'S ~ 0.068) with an increase in specific fuel con- 
/I 

sumption of about 5 percent. Without an ad jus tmi.ent , the 
fuel consumption would be increased approximately 5 percent. 
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Injecting additional gasoline ahead of the Intake ports 
of hot cylindore v/ould be particu.larly useful when the tem- 
perature differences existing betv/eer cylinders are prijiiax^ily 
due to poor inixture distribution. Tor thiv^ case^ the dif- 
ferences in cylinder power output as well as the differences 
in teiTiperature would be 7-»educed. 

Additional cooling area . - Table I gives a comparison of 
cylinder Lempere tures obtained vvith the original cylinder and 
v;ith the cylinder with the three types of fin extension. 
Results are shov;n for two power conditions: 65 percent normal 
power and 100 percent normal pov;er. 

The v/elded fin extensions (figs. 5 to 6 ) reduced the 
temperature of the rear-spark-plug gasket about 29^^ F at 
65 percent noi-^mal power and about 22^^ F at 100 percent normal 
power; wherear^ the clipped-on exteiisions (figs. 7 to 9 ) 
reduced the head temperature only 10^ F and F for the two 
power conditions. Inasmuch as the increase in fin area was 
the same in each case, the smaller temperature reduction with 
the clipped-on extensions must be due to a poor thermal bond 
between the original fin and the clipped-on extensions. The 
addition of a mixture of aluminum powder and black lacquer 
betv\^een the connecting parts of the fins and the extensions 
showed no improvement in the thermal conductance. 

The addition of copper fins bolted and wedged to the 
rear of the cylinder head gave no substantial reduction in 
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temperatures. The ineffectiveness of these fins may be 
attributed to the higher temperature of the cooling air at 
the rear of the cylinder^ a poor thermal Loud at the bolted 
and wedged Joint, and higher resistance to the cooling air 
resulting in reduced air flov;. 

Baffle mo d i f i c a 1 1 o ns . - Temperature data obtained from 
the tests of the various baffle modifications are ^iven in 
table IT. Important tem.peraturo rediict lon*.^ were obtained 
with several of the conf ir;urations tested. H'oduc tions of 
P in the temperature of the rear-spark-plug gasket at 
65 percent nor^nal power and ox 2^^ F at 100 oercent normal 
pov/er v/ere obtained by enlarging the b-jff l^^-•:.M.■l^■vt gap to 
5/3 inch, extondin;.!:. the baffle farther t'.^ the r^i^ar of the 
cylinder, and providing a radius of curvature of l/2 inch 
at the outlet (condition in table II). As Hhovrn for 
condition 7> teriiperature reductions of 19'-^ F and 15^ F 
were obtained at 65 percent and 100 percent n-v-Tial povver, 
respectively, by continuing the baffle fartho.r to tlie rear 
of the cylindei' -and adding a short diffaser. 

Reductions in temperature of ^)^^ P and 12'^^ F at 65 
percent and 100 percent normal x)ower, resi.^ec fcively, wex^e 
obtained with a top head baffle having a separ?-.:te duct 
carrying cooling air to the rear of the fir^s (condition 9)- 
The inlet to this ,duct is shown in figures 12 to I5 • As 
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shown in figures 12 and IJ, fingers projected from the baffle 

into the fin passages at the top of the head to divert the 

heated air that flowed over the front fins out of the rear 
fin passages. A side baffle incorporating a similar duct 

(fig* 11) gave temperature reductions of 2CP F at" cf) percent 
normal power and IcP F at 100 percent normal power 

(condition 10). V/ith both these nev/ baffles on the cvlinder. 

temperature reductions of Jl^' p and 55^ P were obtained 

( condition 11 ) . 

The completely revised baffles (figs. 12 to If;) combining 
many of the separate modifications tested, when installed on 
single cylinders of the engine, gave temperature reductions 
of about 50^ P (condition 12). Tests with the revised 
baffles installed on all cylinders are reported in reference 1. 

As first tested, the temperature of the exhaust -valve 
guide was somewhat higher with the revised baffles than with 
the original baffles although the temperatures at all other 
hot points on the cylinder were reduced (reference 1). This 
increase in the temperature of the exhaust-valve guide was 
found to be due to a restriction at the baffle outlet on the 
exhaust side of the cylinder belov; the rocker box, as indicated 
by the arrow labeled '^Restricted outlet" in figure 15(b). 
The temperatures at various points around cylinder 1 with the 
restriction removed are shown in figures 2;) and 2l|.» . It will 
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be noted that substantial reductions have been obtained in 
the tempei^atures at the hotter parts of the cylinder. The 
temperature at nearly every point measured over the com- 
bustion chamber has been reduced. The single exception 
was a comparatively cool point located toward the front of 

the cvllnder. The tem'oeratures at several Doints on the 
w ■*■ 

front and sides of the cylinder head v/ere increased slightly. 

The temperatures of the rear center of the barrel and 
cylinder flange were reduced 10^ F to IS^ F whereas the 
temperature of the front of the barrel v/as increased about 
15^ F. Inasmuch as the temperatures at the front of the 
cylinder are so much lower than the temperatures at the 
rear of the cylinder, the increases in the temperatures on 
the front are not considered particularly undesirable. 

Further reductions in exhaus t-valve-guide temperature 
of about 5^ F v/ere obtained by Increasing the gap between 
the fins and baffles, where the fins are short, to eliminate 
the restriction at that point and by cutting a hole in the 
side of the baffle to provide an outlet for the cooling 
air passing betv^een the fins at the front of the rocker box. 
A sketch of these modifications is given in figure 25. 

Appl lc_ation . - It will be noted by reference to the 
temperature patterns shown in figures I6 to 22 that, by 
cooling the heads of cylinders 1, J, and 15, the maximum 
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head temperature of the engine could be greatly reduced at 
both norraal and cruising pov/ers. Similarly, on most other 
air-cooled engines considerable improvements in cooling may 
be obtained by reducing the temperatures of a few hot cylin- 
ders. On certain large engines, hov;ever, the highest temper- 
atures on the engine do not remain fixed but vary, from 
cylinder to cylinder with changes in pov/er output. In such 
cases, improvem.ents in engine performance can be achieved by 
increasing the cooling of those cylinders that are the hot 
cylinders at the critical cooling conditions - namely, normal 
rated pov;er or maximum cruising pov/er. 

COIICLUSIONS 

In tests with a P. V! . R-lSjO-i^J air-cooled engine to 
determine the effectiveness of several methods for reducing 
the temperatures of the hot cylinders, the following results 
were obtained: 

1. Tlie cylinder-head and barrel temperatures were reduced 
50^ P to 55^-^ t)y the installation of individual air ducts 
directing cooling air upon the rear of the C77linder. This 
method can be used advantageously to cool hot cylinders. 

2. Additional fuel may be supplied to a fev7 hot 
cylinders to reduce their head temperatures with comparatively 
small increases in engine fuel consuiiiption. The enriching 
may be accomplished by admitting additional i'uel ahead of the 
Intake ports. 
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5. Extensions welded to the fins on the head of a 
cylinder reduced the tep.iporature at the rear-spark-plug 
gasket 26^ ?• Clipping the extensions to the fins was less 
effective, as this method reduced the head temperature only 
8^ 

ii. Baffle modifications - which included enlarging the 
inlet gaps, extending the baffles fai*ther to the rear of the 
cylinder, adding a diffuser at the baffle outlet, and pro- 
viding separate ducts to the hot parts of the cylinder - 
resulted in head-tei:iperature reductions of as much as 

Langley Memorial Aeronautical Laboratory, 

National ^Idvisory Committee for Aeronautics, 
Langley Field, Va., cTuly I9, 19'i5 . 
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(a) Three-quarter front view. (b) Three-quarter rear view. 

Figure 2.- Cooling-air duct installed on cylinder 14. 
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Figure 4.- View of cylinder 1 showing welded fin extensions. 




Figure 5.- View of cylinder 1 showing welded and bolted fin extensions. 




Figure 8.- View of cylinder 13 showing clipped fin extensions. 
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Figure 11.- Views of rear -cylinder side baffle with a separate cooling-air duct. 




(a) Original baffle. 
Figure 12.- Comparison of original and revised baffles. Front view. 
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(b) Revised baffle. 
Figure 12.- Concluded. 




Figure 13. 



(a) Original baffle, 
- Comparison of original and revised baffles. 



Rear view. 




(b) Revised baffle. 
Figure 13.- Concluded. 




(a) Three-quarter front view. 

Figure 15.- Revised baffles installed on rear cylinder of 
P. & W. R-1830-43 engine. 




(b) Three-quarter rear view. 
Figure 15.- Concluded 
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(a) Front view. 

Figure 23.- Temperature on cylinder 1 with original and revised 
baffles. Engine speed, 2250 rpm; manifold pressure, 28.0 inches 
of mercury; engine fuel-air ratio, 0.072; average cooling pressure 
drop a^p, 3.41 inches of water. 
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(b) Rear view. 
Figure 23.- Concluded. 




(a) Front view. 

Figure 24.- Temperature on cylinder 1 with original and revised 
baffles. Engine speed, 2550 rpm; manifold pressure, 39.5 inches 
of mercury; engine fuel-air ratio, 0.105; average cooling pressure 
drop aAp, 4.51 inches of water. 



405 354 460 445 




(b) Rear view. 
Figure 24.- Concluded. 
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i'a) Small outlet cut in revised baffles 

to allow cooling air to pass between 
tne topmost fins on front of rocker 
box. 



(b) Modification of revised baffles to 
increase cooling-air flow around 
side of rocker box by increasing 
gap between the fins and baffle 
where fins are short. 



Figure 25,- Modifications to revised baffles to reduce the temperature of the exhaust- 
valve guide. NATIONAL ADVISORY COMMITTEE FOR AERONAUTir«^ 



